OBJECTIVE. To examine regional variation in the use and appropriateness of indwelling urinary catheters and catheter-associated urinary tract infection (CAUTI). DESIGN AND SETTING. Cross-sectional study.
for approximately one-third of all healthcare-associated inPrevention (CDC) has issued guidelines detailing high-prifections in the United States 1 and leads to excess morbidity, ority recommendations for implementing CAUTI prevention, mortality and costs. 2, 3 The urinary catheter is also associated Inserting catheters only for appropriate indications and leavwith other patient safety problems, such as trauma, 4 increased ing in place only for as long as medically necessary is 1 of patient discomfort, 5 and immobility. 6 CAUTI prevention has the strong (category IB) recommendations. 8 Previous studies important cost implications for hospitals, particularly since have shown that targeted implementation of recommendathe Centers for Medicare and Medicaid Services (CMS) has tions from existing guidelines can lead to reduced overall classified hospital-acquired CAUTI as reasonably preventable catheter utilization and increased appropriate utilization."" 17 and no longer reimburses hospitals for this condition. 7 Despite the presence of evidence-based guidelines, previous Among the most effective approaches for reducing CAUTI is work has shown that the use of evidence-based CAUTI prerestricting use of indwelling urethral catheters for a list of vention practices vary nationally. 18 " 20 appropriate indications, 8 because a substantial proportion of Variability in the use of medical devices and device-related inpatients have catheters placed at some point during their infections by patient characteristics, hospital care locations, hospitalization, with many of these insertions not considered and hospital characteristics has been well documented na-tionally. 10 Urinary catheter use and, subsequently, CAUTI rates are generally higher in critical care areas compared with inpatient medical wards; however, the proportional distribution of all CAUTI among hospitalized patients is higher outside of the intensive care unit (ICU). 10, 21 ' 22 While prior studies have also demonstrated regional variation in the use of urinary catheters after accounting for patient-level characteristics, these studies have been limited to claims data from older surgical populations 23 " 25 and patients residing in longterm care facilities. 26 Starting in August 2011, the Health Research and Educational Trust of the American Hospital Association and its academic partners have led On the CUSP: Stop CAUTI, an Agency for Healthcare Research and Quality-funded national initiative to reduce CAUTI in acute care hospitals. The organizational structure and key components of this national initiative have been described previously. 27 Using baseline data collected as part of this national initiative, we sought to explore nationwide variation in the use of these medical devices and CAUTI across a diverse set of units within acute care hospitals across the United States. Additionally, we examined the extent to which the appropriateness of urinary catheterization varies regionally.
M E T H O D S Data Collection
For this analysis, we used baseline data collected from the first 5 cohorts of hospitals participating in the On the CUSP: Stop CAUTI initiative. Planning, recruitment, and data collection for additional cohorts are ongoing. Participating hospital units were required to report both clinical process and infection outcome data during the 3 main phases of the initiative: baseline, implementation, and sustainability. The number of patient-days and process data on urinary catheter use and appropriateness of catheter use (urinary catheterdays with an appropriate indication divided by all urinary catheter-days during the same period) was collected during three 5-day weeks (15 days) during the 3-month baseline period. The catheter utilization ratio was calculated by dividing the number of catheter-days by the number of patientdays. Indications for urinary catheter use were classified as appropriate or inappropriate on the basis of the 2009 Healthcare Infection Control Practices Advisory Committee guidelines published by the CDC. 8 The number of CAUTI events within participating units was collected by infection preventionists during the baseline period. We used the conventional CDC National Healthcare Safety Network (NHSN) definition (number of symptomatic CAUTIs fitting the NHSN definition per number of catheter-days during the same period x 1,000) and an alternative population-based definition (number of symptomatic CAUTIs fitting the NHSN definition per number of patient-days during the same period x 10,000) to calculate CAUTI rates. The population-based CAUTI rate may provide a better assessment for infection prevention efforts focused on reducing inappropriate urinary catheter use. 28 Hospital characteristics were acquired from the 2010 American Hospital Association Annual Survey Database. All investigated process and outcome data were aggregate baseline values from each participating unit.
Statistical Analysis
Descriptive statistics were utilized to explore the hospital characteristics, process, and outcome data across geographical regions. The hospitals were divided into 4 regions-Northeast, Midwest, South, and West-according to the US Census Bureau regional breakdowns. 29 Logistic regression and Poisson regression models were used to test for differences in the process and outcome data across regions. Multivariable models were fit to account for the following characteristics: hospital bed size, hospital teaching affiliation, rural hospital location, critical access hospital, and ICU or floor unit. Scaling based on the deviances was used to adjust the standard errors in all regressions for the presence of overdispersion in the data. All analyses were at the hospital unit level and were performed using SAS (ver. 9.3; SAS Institute). The study was reviewed by the University of Michigan Institutional Review Board and received a determination of not regulated, since the analysis was at the hospital unit level and did not include identifiable patient-level data.
RESULTS

Characteristics of Recruited Units
The number of participating hospitals and units by state and region are displayed in Table 1 that were ICUs in the Midwest was significantly lower compared with the South (34% vs 43%; P = 0.01) and the West (34% vs 43%; P = .04).
Urinary Catheter Use and Appropriateness
Urinary catheter utilization by region and ICU status is summarized in Table 2 . Across all participating units, catheter utilization was 31%. As expected, utilization in the ICU (61%) was greater than in the non-ICU (20%). The West had the highest utilization in the non-ICU setting (24%), while the South had the highest utilization in the ICU (63%). Regional differences in catheter utilization adjusted for hospital characteristics are shown in Table 3 . Compared with non-ICUs in the West, catheter utilization was significantly lower in non-ICUs in the Northeast (P = .001) and South (P = .007). Compared with ICUs in the West, catheter utilization was significantly higher in ICUs in all other regions (Northeast, P = .02; Midwest, P = .002; South, P < .001). Overall utilization did not vary by region after adjusting for hospital characteristics.
While the South had the highest percent of appropriate catheter placement in the ICU (98%), all regions indicated catheters were placed appropriately at least 94% of the time in the ICU setting. The West had the lowest percent of appropriate catheter placement in the non-ICU setting (61%). Regional differences in catheter appropriateness adjusted for hospital characteristics are shown in Table 3 . Catheter appropriateness within the ICU setting was significantly higher in the South compared with the West (P < .001). Catheter appropriateness in non-ICUs in the West was significantly lower than appropriateness in non-ICUs in all other regions (Northeast, P = .02; Midwest, P = .007; South, P = .01).
Compared with the West, overall appropriateness was significantly higher in all other regions (Northeast, P = .02; Midwest, P = .001; South, P< .001) after adjusting for hospital characteristics. Table 4 lists the specific catheter indications used in participating units by region. Use of the various indications did not differ substantially by region within the ICU setting. Notable findings regarding inappropriate indication use within the non-ICU setting were as follows: the West had the highest percentage of use of accurate measurement of urinary output in the critically ill patients, incontinence without a sacral or perineal pressure sore, and prolonged postoperative use; the South had the highest use of urine output monitoring outside of the ICU; and the Midwest had the highest use of other indications, which included transfer from the ICU, morbid obesity, immobility, dementia, and patient request. The use of accurate measurement of urinary output in the critically ill patients and prolonged postoperative use was significantly higher in the West compared with all other regions even after adjustment for hospital specific characteristics (results not shown).
CAUTI Rates
The number of patient-days, catheter-days, CAUTIs, and CAUTI rates by region and unit type are displayed in Table  2 . The overall NHSN rate was 2.5 per 1,000 catheter-days and did not differ by unit type. The overall population-based rate was 7.8 per 10,000 patient-days and was higher in the ICU (14.9 per 10,000 patient-days) compared with the non-ICU (5.2 per 10,000 patient-days). Across all participating units, the Northeast had the highest NHSN rate (2.9 per 1,000 catheter-days), and the West had the highest populationbased rate (8.9 per 10,000 patient-days). All regions had much higher population-based rates in the ICU compared with the non-ICU as expected, given higher catheter utilization rates and lower patient-days contributing to the denominator in the ICU. Conversely, NHSN rates within each region were lower in the ICU compared with the non-ICU, with the exception of the South. The South had the highest CAUTI rates in the ICU setting (NHSN rate, 2.6 per 1,000 catheter-days; population-based rate, 16.6 per 10,000 patient-days). In the non-ICU setting, the Northeast had the highest NHSN rate (3.5 per 1,000 catheter-days), and the West had the highest population-based rate (6.8 per 10,000 patient-days).
Regional differences in CAUTI rates adjusted for hospital characteristics are shown in Table 5 . Compared with nonICUs in the West, non-ICUs in the Midwest had lower NHSN (P = .03) and population-based (P = .005) rates. Similarly, compared with all units in the West, units in the Midwest had lower NHSN (P = .007) and population-based (P = .02) rates. CAUTI in the ICU did not differ across regions after adjusting for hospital characteristics.
D I S C U S S I O N
Several important findings emerged from our national study. We found that catheter utilization remains common across the United States, with 20% in non-ICU settings and 61% in the ICU. Although catheter appropriateness in the ICU was uniformly high across all regions, we found that 30%-40% of catheters in the non-ICU setting may be placed without an appropriate indication. Overall urinary catheter utilization was highest in the West region, which was predominantly driven by higher utilization in the non-ICU setting. Coinciding with this, we found that the population-based CAUTI rate was also highest in the West. This finding maybe driven in part by both fewer numbers of annual discharges and a slightly lower average length of stay in the West (4.4 days) compared with the national average (4.8 days). 30 We have previously illustrated that the NHSN rate may underestimate the burden of CAUTI and that the population-based rate may yield better estimates, particularly in settings where catheter utilization is high. 28 In addition to having higher catheter utilization rates, inappropriate catheter use was also higher in the West compared with the other regions. We found that this disparity was largely driven by more frequent use of the indication of accurate measurement of urinary output in the critically ill patients in the non-ICU setting. In a sensitivity analysis in which we considered this particular indication as appropriate, significant regional differences in catheter appropriateness in non-ICU settings were no longer evident. The regional variation in catheter utilization detected in our study is consistent with prior work. In a retrospective cohort analysis of postoperative patients, Wald et al 23 reported
that the West region was associated with a higher likelihood of having an indwelling urinary catheter at hospital discharge after hip fracture. Similarly, in a retrospective cohort analysis of older patients discharged to skilled nursing facilities following major cardiac, vascular, orthopedic, or gastrointestinal surgery, hospitalization in the Northeast and South regions was associated with lower likelihoods of extended catheterization compared with hospitalization in the West region. 25 It has been previously suggested that this regional variation is possibly "attributed to patient demographic characteristics, regional practice styles, local regulations, and the availability of technologies and facilities." 24<pl21) In addition, practice patterns in the West may be impacted by different factors, including the penetrance of managed care and shorter length of stay. A recent retrospective analysis of the National Hospital Discharge Surveys from 2001 to 2010 has shown that the South has the highest proportion of catheterized hospitalized patients and was significantly associated with increased CAUTI risk even after adjusting for patient demographic and hospital-level characteristics. 31 Across all units in our study, we found that catheter utilization in the South was comparable to the highest utilization found in the West. Furthermore, catheter utilization and the population CAUTI rate in the ICU were highest in the South.
Among a separate national cohort of hospitals participating in the NHSN, catheter utilization rates were approximately 62% in medical-surgical ICUs and 18% in non-ICU medicalsurgical wards. 10 We found comparable catheter utilization rates in our study, with slightly higher utilization in non-ICU locations. NHSN CAUTI rates among the NHSN participating facilities were approximately 1.7 in medical-surgical ICUs and 1.4 in non-ICU medical-surgical wards. 1 " We found higher CAUTI rates in our study, with NHSN CAUTI rates of approximately 2.5 in both ICU and non-ICU locations. The CAUTI rates reported in our study reflect baseline values prior to units implementing CAUTI reduction steps as part of the On the CUSP: Stop CAUTI initiative. It is quite plausible that the higher rates of catheter utilization and CAUTI detected in our study-particularly in the non-ICU settingare driven in part by a substantial proportion of hospitals self-selecting units to participate in the On the CUSP: Stop CAUTI initiative on the basis of high catheter utilization and/ or CAUTI rates. Additionally, a greater percentage of the hospitals in our study were larger teaching facilities compared with those participating in the NHSN in general (43% with NOTE. National Healthcare Safety Network (NHSN) rate was calculated as the number of symptomatic CAUTIs per 1,000 catheter-days. Population rate was calculated as the number of symptomatic CAUTIs per 10,000 catheter-days. Regional estimates are adjusted for hospital bed size, teaching hospital status, rural hospital location, and critical access hospital status. The estimates for the all units column are also adjusted for intensive care unit (ICU) status. The estimates presented for both the NHSN and the population rates were derived from Poisson regression models and reflect incidence rate ratios (95% confidence intervals). All models are based on the 1,046 (95.0%) units with hospital characteristic data available from the 2010 American Hospital Association Annual Survey Database.
bed size 200 or more and 38% teaching vs 25% and 11%, respectively, among NHSN participating facilities). Prior work has suggested that larger teaching hospitals, which typically care for more medically complex patients, have a higher incidence of CAUTI and may be less likely to adopt CAUTI prevention policies. 32 Compared with recent data submitted by NHSN participating hospitals, we found greater differences in catheter utilization and CAUTI within non-ICU settings. Although the reporting of CAUTI in adult and pediatric ICUs to the NHSN has been mandated by the CMS since January 1, 2012, 33 reporting in non-ICU locations is not yet required. As such, currently available CAUTI measures reported to the NHSN from non-ICU settings may not accurately reflect catheter utilization and the burden of CAUTI outside of the ICU. In August 2013, the CMS issued rules for quality reporting for the government fiscal year 2014 (October 1, 2013, to September 30, 2014). Among the proposed changes, starting January 1, 2015, CAUTI reporting will also be required by adult and pediatric medical, surgical, and medical-surgical wards. 34 Our study should be interpreted in the context of several limitations. First, all of the process and outcome measures that we examined were aggregate data at the hospital unit level. As such, we were not able to account for patient-level factors that likely influence both the decision to place a catheter and the risk of CAUTI. Second, participation in the On the CUSP: Stop CAUTI initiative is voluntary. It is possible that certain units recruited may be high-performing units while others have elected to participate because of a recognized need for improvement. Furthermore, participating hospitals are given the liberty of choosing which unit(s) to implement the initiative in. While these issues may have caused potential selection bias, we have no reason to believe that they would be systematically different across the regions examined. Third, there are a variable number of units across the regions examined. Additionally, the hospitals and units that have elected to participate within a given region may not be entirely representative of hospitals within that region as a whole. Fortunately, there was adequate representation within each of the regions examined, and recruitment efforts (both completed and ongoing) aim to have participation evenly distributed across the country. Finally, this study has examined only process and outcome measures that have been collected during the baseline phase of the On the CUSP: Stop CAUTI intervention. While our cross-sectional analysis provides a snapshot of regional variability in catheter use, appropriateness, and CAUTI rates, temporality cannot be established.
Limitations notwithstanding, we provide baseline estimates of catheter use, appropriateness, and CAUTI rates from more than 1,000 participating units across the United States, revealing some degree of practice and outcome variability by region. Next potential steps include further evaluation of differences in practice between the different regions and identifying learning opportunities from hospitals. Hospitals in areas with lower catheter utilization could be studied as positive deviants to examine how certain characteristics and practices may contribute to minimizing the use of catheters and ultimately CAUTI reduction. Conversely, hospitals in areas with higher catheter utilization could be examined more closely to understand barriers to reducing catheter utilization and CAUTI. Directing enhanced facilitated implementation and coaching of CAUTI prevention strategies to hospitals in areas with higher catheter utilization may help certain hospitals overcome barriers. Furthermore, closer examination of hospital performance within certain geographic areas may help to identify broader organizational and safety culture norms that could be assessed to understand characteristics driving the use of catheters as well as other invasive medical devices. Following the completion of the broadscale implementation of the On the CUSP: Stop CAUTI national initiative, we plan to assess the effect of the intervention on reducing inappropriate catheter use and CAUTI rates. Developing an understanding of any regional variation in the success of the intervention may help to guide and tailor future national efforts to prevent CAUTI and other healthcareassociated infections. Financial support. This project was supported by a contract from the Agency for Healthcare Research and Quality (AHRQ; HHSA290201000025I/ HHSA29032001T).
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